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Vertebrate skeletal tissues are subject to intrinsic and extrinsic constraints both during the lifespan of organisms and in an evolutionary context. According to the constructional morphology model of Seilacher (Seilacher, 1970; Gould, 2002; Cubo, 2004) , morphological disparity may be the outcome of phylogenetic, adaptative, and architectural constraints, which are referred to as 'historical', 'functional', and 'structural' factors by Gould (2002) . The outcome of these constraints can be analyzed at the different levels of integration of skeletal tissues (i.e. anatomical, histological, cytological, and molecular) (Petersen, 1930; Francillon-Vieillot et al., 1990) . Recent advances in the palaeohistology of vertebrates partly rely on progress in the study of several aspects of living skeletal tissues, the most likely tissues to be fossilized, including descriptions of the inner organization, compactness, orientation of trabeculae, density and orientation of the vascular network, collagenous weave, appositional cyclicity, distribution, size and shape of the osteocyte lacunae, remodelling, crystal orientation, and type of collagen.
Most palaeontological studies deal with anatomical and geological data but, in recent decades, an increasing number have focused on palaeobiological inferences. The term palaeohistology, from the Greek 'palaios' old, 'histos' tissue, and 'logos' science, was created by Goodrich in 1913. It refers, in vertebrate biology, to the discipline concerned with the different levels of organization of mineralized tissues, such as bone, calcified cartilage, dentine, enamel, ossified tendons, etc., in fossil organisms. Palaeohistology relies on a good understanding of the skeletal biology in extant taxa and extrapolating to what is observed in fossil organisms. It thus permits inferences about various biological traits in fossils, such as pattern and rate of growth, age at sexual maturity, life history, physiology, and mechanical abilities.
Vertebrate palaeohistology is a fast-developing area of research. In addition to the abundant literature published on this topic over the last 20 years, the Sabadell (Spain, 2011) and Bozeman (USA, 2013) international symposia have showcased many highquality presentations illustrating new and exciting discoveries that highlight the development and dynamism of the discipline. Recent advances in palaeohistology have also relied on methodological progress.
For example, although skeletal structures were once only analyzed through petrographic thin sections observed under the light microscope, recent developments in microtomography, enabling the threedimensional study of skeletal tissues, have opened up a new area of research.
A symposium entitled 'New advances in palaeohistological studies' was held at the 10th International Congress of Vertebrate Morphology (ICVM 10) in Barcelona in July 2013. This meeting was aimed at promoting techniques and methods, at the same time as highlighting important advances in our understanding of vertebrate palaeohistology. The topics addressed were diverse and included, amongst others, the description of new techniques, inference of physiological and life-history traits, analysis of bone microstructural organization, study of diagenetic features, dental development, and biological rhythms.
The symposium featured twelve talks, as well as associated posters and oral presentations. Subsequent to this meeting, we agreed with the Editor to publish some of these contributions in a special issue of the Biological Journal of the Linnean Society. The result is twelve contributions dealing with exclusively modern taxa, exclusively fossil taxa, and taxa that include both modern and fossil representatives, thus illustrating the need for both neontological and palaeontological comparative studies in vertebrate palaeohistology. The first two papers in the special issue result from studies on enamel, whereas the remaining papers focus on bone. Enamel and bone are, with dentine, the mineralized tissues that are best preserved in the vertebrate fossil record.
Enamel is a dental hard tissue that registers the rate of dental development and, especially in mammals, provides important information about the biological rhythms that may rely on both intrinsic and extinsic factors. Bromage & Janal (2014) discuss longperiod biological timing based on primate enamel formation rhythms. They observe that repeat interval, and thus the Havers-Halberg oscillation, varies predictably with body mass, as well as with the constituent tissue and organ masses making up the body, and therefore controls the pace of development and life history. Jordana et al. (2014) analyze enamel in ruminants (Artiodactyla). They study the potential of using enamel growth rate as a reliable proxy for the pace of life in fossil species and conclude that daily secretion rate is positively correlated with hypsodonty (and thus diet), whereas enamel extension rate is strongly related to the pace of life (linked to ecological factors). Thus, these two mechanisms of enamel growth might be subject to different selective forces.
The remaining ten papers focus on the histological features of osseous tissues (collagenous weave, osteocyte, and vascular networks) or general microanatomical organization of bone. One of these papers deals not only with the bone geometry, but also with the crystallographic organization, and the last paper in the series evokes the importance of the definition of the terms used in bone histological studies.
Three studies analyze tetrapod long bones at the histological level using the phylogenetic comparative method (sensu Harvey & Pagel, 1991) for circumventing problems linked to the non-independence of observations, to quantify the phylogenetic signal, or both. Cubo et al. (2014) analyze the vascular network in long bones of extant lepidosaurs and birds. They focus on the geometric constraints (bone size effect) and physiological constraints (bone growth rate, mass-specific metabolic rate) acting on bone vascular supply in a phylogenetic context. Cubo et al. (2014) provide additional evidence for the positive correlation between bone size and bone vascular density and discuss other factors explaining the variation of bone vascularization in diapsid reptiles.
The next two studies test the presence of potential adaptative and/or phylogenetic signals in quantitative parameters describing bone histological variation. Marín-Moratalla et al. (2014) test the correlation between quantitative bone histology data and life history and climate in bovids in a phylogenetic context. Vascular and cellular patterns do not correlate with climate or life history but, instead, with body mass, and some histological features display a significant phylogenetic signal. Legendre et al. (2014) test the presence of a phylogenetic signal in the variation of histological features in palaeognathous birds. Through the use of four different estimators to measure phylogenetic signals (Pagel's λ, Abouheif's C mean, Blomberg's K, and Diniz-Filho's phylogenetic eigenvector regression), they detect that most features measured at the microanatomical level exhibit a strong phylogenetic signal, whereas this signal is weaker in most of those measured at the histological level. It is also noted that the impact of the topologies used in the analyses is low compared to that of sample size.
We then present two papers that deal with the shell and long bones, respectively, of turtles. Scheyer et al. (2014) review published and unpublished data on shell microstructures of fossil turtles (including some stem turtles) and extant marine turtles. This work highlights the strong influence of functional requirements associated with an aquatic lifestyle on shell microstructure that, conversely, has almost no systematic value. The study also confirms the occurrence of an osteoporotic-like structure in pelagic forms versus bone ballast in neritic forms, as suggested by previous studies on other aquatic amniotes (Ricqlès & Buffrénil, 2001; Houssaye, 2009 ). Nakajima, Hirayama & Endo (2014) , using threedimensional microtomographic data of turtle humerus microstructure, define a reference transverse sectional plane for homologous comparisons that crosses the growth centre. They analyze microanatomical differences that depend on whether lifestyle is terrestrial, semi-aquatic or aquatic. One significant conclusion is the absence of a large open medullary cavity in all turtles, whatever their lifestyle. It also suggests a decrease in compactness, from a semi-aquatic ancestor, in both terrestrial and aquatic turtles. Against the background of what is observed in aquatic amniotes in general, this result is more surprising for terrestrial taxa, which usually display a tubular structure in their long bones. The results are attributed to the sluggish mode of locomotion of terrestrial turtles. It is also concluded that bone compactness in itself is not sufficient for characterizing the lifestyle of turtles.
Bone microanatomical features are also the focus of Houssaye, Tafforeau & Herrel (2014) , in the context of the vertebrae in extant amniotes. Their qualitative and quantitative analysis of amniote vertebral microanatomy reveals great diversity, which they discuss in the light of structural, phylogenetic, and ecological signals. Notably, they describe two main trends in the tightness of the spongiosa associated with the adaptation to specific modes of life: few and thick trabeculae are found in arboreal, flying, and fossorial taxa, whereas numerous thin trabeculae occur in aquatic forms. Also dealing with vertebral microanatomy but this time in fossil taxa, Konietzko-Meier, Danto & Gą dek (2014) analyze the microstructural variability of the intercentra among temnospondyl amphibians. They were able not only to make inferences relating to the age and mode of life of the organisms, but also to discuss the phylogenetic signal in the data, together with developmental issues such as the origin of the vertebral centra of plagiosaurid amphibia.
Development is also addressed by Mitchell & Sander (2014) , who propose a model for aspects of growth and development from long bone diaphyseal histological features at different growth stages. Their three-front model is based on the rates of bone apposition, Haversian substitution, and bone resorption in the shaft of long bones. Although this model is developed for sauropod dinosaurs, they consider it applicable to a broad range of terrestrial amniote long bones. It should thus be suitable for providing insights into life history and evolutionary patterns of long bone development in these taxa. In another study conducted on sauropod bones, Dumont et al. (2014) analyze the impact of body mass on cortical bone geometry and texture (patterns of preferred crystallite orientation), focusing on the analysis of an ontogenetic series of Apatosaurus. They observe an increased cortical thickness in sauropods and a power-law function linking bone length to both bone cross-sectional area and body mass. Through the analysis of hydroxyapatite crystallite orientation, their study highlights the same preferred crystallographic orientation (001-fibre texture) in sauropod dinosaur and mammal bones, suggesting similar compressive stresses. Thus, bone crystallite texture appears essentially to be determined by the mode of loading on the bone.
We close with a discussion on some ambiguities in the current terminology used in bone histology. In this contribution, Prondvai et al. (2014) suggest a new, more integrative, approach for describing and classifying bone tissues based on their development. They notably constrain the definition of fibrolamellar bone and erect a new term, 'woven-parallel complex', to describe a broad range of complex osseous tissues. The use of this approach is also discussed in an evolutionary context. One important conclusion from this special issue is that progress in methods and ideas is stimulating new and exciting approaches to research in vertebrate palaeohistology. We need these approaches to be applied to larger numbers of extant species to help improve our understanding of the constraints acting on mineralized tissues, and thus enable us to make more accurate palaeobiological inferences on fossil taxa. Finally, it is notable that a majority of the contributing papers have an early career researcher as the first author. The special issue thus throws a spotlight on the work of the younger members of the palaeohistological community and we look forward to these individuals pushing back the boundaries still further.
